Purpose. Analysis of the man-made mineral formations of ore mining and smelting, fuel and energy complexes development accumulation, location and prospects amount in the Dnipropetrovsk region.
INTRODUCTION
Significant components of the Ukrainian economy is the stable functioning of ore mining and smelting, fuel and energy complex, which form the country's main financial resources. In the process of the engineering and manufacturing cycle, 0.3 -0.5 billion tons of mineral and raw waste are generated annually at mining, concentrating, processing and energy enterprises (Haibin & Zhenling, 2010; Gorova, Pavlychenko, Kulyna, & Shkremetko, 2012; Chetveryk, Bubnova, Babii, Shevchenko, & Moldabaev, 2018) . The production wastes accumulated as a result of ore mining and smelting, fuel and energy enterprises activity are sources of valuable mineral and raw materials. The problem of industrial waste accumulation from the functioning of mining and energy sector enterprises, the disposal of which is low (25 -30%), significantly damages the environment (Krook, Svensson, & Eklund, 2012; Bini, Maleci, & Wahsha, 2017; Popovych, Kuzmenko, Voloshchyshyn, & Petlovanyi, 2018) . However, despite this problem, being the result of the activities of the enterprises of fuel-power and miningmetallurgical complexes, the accumulated production wastes are sources of valuable mineral and raw resources (Shaw, Petavratzi, & Bloodworth, 2013; Evdokimov, Maslakov, & Evdokimov, 2016; Lèbre, Corder, & Golev, 2017; Kendzera, & Semenova, 2018 ).
An analysis of the ore stock depletion, extracted by traditional methods, shows that their reserves are being exhausted, while a significant part is lost in the earth's depths as inevitable losses. Therefore, in the long term it is necessary to forecast alternative raw materials for natural mineral reserves, in order to develop leading spheres of the national economy. The problem can be solved by involving resources of man-made mineral formation of ore mining and smelting, fuel and energy complexes in the development located on the mining regions territories which accumulation volumes have reached critical values (Afum, Caverson, & Ben-Awuah, 2018; Kasmaee, Tinti, & Bruno, 2018; Zhang & Xu, 2018) .
In addition, the development of man-made mineral formation resources allows to solve the problem of a significant reduction of the influence on the environment and improve the economic and social situation of the mining regions. This paper represents an overview of the most important accumulations of technogenic wastes from the mining and energy sectors of Ukraine, and the questions are raised as on the prospects for their development, so how to use their resources in various economic sectors.
GENERAL CHARACTERISTICS OF THE MINING WASTE ACCUMULATION
The long-term enterprises operation in various sectors of the economy has led to the accumulation of more than 30 billion tons of industrial waste, and by various estimates, the occupied areas reach 160 -180 thousand hectares (Galetskiy & Egorova, 2008) . In Ukraine, due to the imperfection of the methodological, technological, legal, environmental and economic aspects of industrial wastes handling, their wide development has not been spread. The lack of information on the valuable components content in man-made mineral formations does not allow us to determine the directions of their use and potential consumers of raw materials in both the public and private sectors. Therefore, the rational use of man-made mineral formations resources will gradually reduce primary mineral resources extraction, as well as prevent dispossession and contamination of significant areas.
According to the national report on the environmental conditions in 2015 (Natsionalna dopovid…, 2014) , the bulk of the accumulated industrial waste of all hazard classes is concentrated in the main industrial areasDnipro, Donetsk, Kropyvnytskyi, Luhansk, Lviv and Zaporizhiia (Fig. 1) . The accumulation of man-made wastes across Ukraine is uneven, due to the location of the main industrial interprises in the central, southern and eastern parts of Ukraine, so 96% of all waste is concentrated there.
The mining industry of Ukraine is the leader in waste accumulation, accounting for more than 70% of all industrial waste generated annually. Over the past 10 years, the dynamics of waste generation in Ukraine has more than doubled (State Statistics…, 2019) . At the same time, there were marked declines in the volume of accumulation (the period of the global crisis of 2008 -2009) , when the production volumes of all industrial enterprises declined (Fig. 2) , and intensive increase in the period of 2010 -2013.
Mining and processing industrial man-made waste is distinguished from natural one by the following features (Frolova, 2007) :
-geographically located in industrialized areas with existing infrastructure, which promotes their rapid development and use, and absence of exploration to detect them; -are located on the earth's surface, which ensures more favorable and constant mining conditions of exploitation, independent on the development depth, and the mountain mass in them has already been crushed; -significantly more minerals (more than 30000) than in conventional fields (about 3000), which increases the requirements for development and processing schemes. These features undoubtedly allow us to assert about the prospect of man-made wastes development, but at the same time, it is required to conduct a complex of scientific researches to study their qualitative and quantitative indicators and allocate perspective objects to the prior development. Foreign experience shows that the estimation and development of technogenic deposits in comparison with natural ores deposits cost less by 5 -15 times (Bol'shakov, Vasilenko, & Galetskiy, 2009) .
Comprehensive industrial development of man-made mineral formations is possible only after receiving the status of "Technogenic deposit", their reserves must be evaluated and have industrial significance. Due to the lack of financing for large-scale geological and economic assessments of man-made wastes, these accumulations only potentially belong to promising ones. There are real gaps in the legislative framework of Ukraine that lead to a slowdown in the man-made wastes industrial development process, which include the uncertainty of a specific waste owner, the lack of necessity for using man-made wastes part by industrial enterprises, and the lack of state support programs for owners on the technogenic deposits development (Prosandieiev, 2013; Hladii, 2017) . Therefore, to stimulate enterprises to develop man-made waste, changes at the legislative level are needed.
On the territory of the Dnipropetrovsk region, 5 of 12 technogenic deposits in Ukraine have been registered: "Valiavkinske" tailing dump, "Kruta" gill (Western section), "Kruta" gill (Eastern section), the coal-bearing sludge deposit of the Dniprovskyi metallurgical complex, washinghouse sludge dump im. Maksymova, with some of them partially developed. However, in addition to the "technogenic deposits" in the region, there is a significant accumulation of man-made mineral formations of industrial enterprises that do not have this status, but in the near future they may be well subjected to industrial development.
In order to disclose and present the mineral and raw materials potential of man-made mineral formations and deposits, it is first of all necessary to identify these objects, to conduct a comprehensive analysis of the accumulation volumes, their location, useful components content, and on the basis of these data to formulate prospects for their further industrial development. In this article, based on a comprehensive analysis, the main man-made mineral formations containing valuable substances have been established and in the future they may well become the object of extraction.
Based on the volume of industrial waste distribution in the area of Ukraine, we pay attention to the Dnipropetrovsk region, which is the most representative waste storage region. Based on the generalization and comprehensive analysis of literature sources, public data on state statistics, waste handling sites, the national and regional environmental conditions report, the environmental passport of the Dnipropetrovsk region, and the data obtained as a result of carrying out personal scientific research, the main man-made mineral formations of ore mining and smelting, fuel and energy complexes were identified.
THE MAIN MAN-MADE MINERAL FORMATIONS OF ORE MINING AND SMELTING, FUEL AND ENERGY COMPLEXES OF THE DNIPROPETROVSK REGION
According to the conditions of the man-made mineral formations and deposits of ore mining and smelting, fuel and energy complexes (hereinafter OMSC and FEC), their classification (Vilkul, Azaryan, & Kolosov, 2013) can be represented as follows (Fig. 3) . Subsequently, the article deals with the different accumulated types of man-made formations in the Dnipropetrovsk region based on the study of the register of waste disposal sites for 2016 (Dnipropetrovsk regional state administration, 2019). 
Waste heaps in coal industry
The coal industry is the leading industry, since coal is the main energy source (Bondarenko, Griadushchiy, Dychkovskiy, Korz, & Koval, 2007; Kuz'menko, Pochepov, & Ryabychev, 2010) . Since early 2014, the country's mining fund has suffered serious losses due to the temporary occupation of a significant area in the Donetsk and Luhansk region and conducting warfare, where there are more than 80 mines left. As of 2016, there are 55 operating mines in Ukraine, 32 of which are stateowned, and 29 are private . Donetsk, Dnipropetrovsk and Luhansk regions have a powerful mine fund, and Lviv and Volyn regions have smaller one. The main type of underground coal mining wastes is refuse heap (terricone). In Ukraine, there are 1200 waste heaps, more than 300 of which are burning, and most of the heaps are closed and recultivated.
The waste heap is a collection of rocks (siltstones, claystones, sandstones, shists) and coal fractions from the excavations that are stored in the special area. According to scientists, the amount of coal contained in the dump varies from 10 to 40%. Analysis of the geometric parameters of more than 650 waste heaps of Ukrainian coal mines has made it possible to establish that the most common form is flat and conical ones (Bondarenko, Vivcharenko, & Yarkovych, 2013) .
In the Dnipropetrovsk region, the coal seams development (rank "gas flame") of the Western Donbass is carried out by the PJSC "DTEK Pavlohradvuhillia" coal companies, where there are 5 colliery groups, which consist of 2 mines. By 2016, mines produced 18.6 million tons of coal Sotskov, Podvyhina, Dereviahina, & Malashkevych, 2018) . During the development of coal seams in the Western Donbass, 11 waste heaps have been accumulated. The coal content in the formed waste heaps reaches 2.6 -12.0%, sulfur 0.2 -1.3%, the shape of all the heaps is flat (Petlovanyi & Medianyk, 2018) . The gradation of PJSC "DTEK Pavlohradvuhillia" waste heaps in terms of the rock accumulation volume and occupied area is shown in Figure 4 . It should be noted that for flat dumps, a large area of land suitable for agricultural use in comparison with coneshaped dumps is allocated 5 -7 times. Therefore, from the position of environmental protection, the utilization of flat waste dumps is of high priority. The total number of accumulated empty rocks in mining sector is 122.4 million tons with an area of 221.2 hectares.
In addition to coal, a number of valuable rare earth elements are contained in empty dumps, the content of which may exceed their clarks in the earth's crust. The total content of valuable elements in the industrial sensefrom 10 g/t in the dump is estimated in the range of 230 -260 g/t, namely: scandium -up to 20 g/t, zirconium -20 g/t, germanium -up to 55 g/t, gallium -up to 100 g/t, yttrium -up to 25 g/t. In addition, in waste heaps, a significant amount of alum slate to 25% is contained in the oxide form and not less than 20% of iron (Zubova, 2004; Mnukhin, 2009 ).
According to the 10 operating mines of the Western Donbass, germanium reserves are estimated at 7375.5 tons in categories C1 + C2. Germanium is not removed from coal and it is completely lost due to coal mining (86.9 tons) and losses (30.8 tons) (Rehionalna dopovid…, 2016a). In the mining of waste rock, the waste of underground mining is also used as a backfilling material when filling out the worked out spaces (Kuzmenko, Petlyovanyy, & Heylo, 2014; Malashkevych, Sotskov, Medyanyk, & Prykhodchenko, 2018) or processed into fuel due to the high content of combustible components Saik, Petlovanyi, Lozynskyi, Sai, & Merzlikin, 2018) .
Waste heaps of the mining industry
A significant component of the ore mining industry of Ukraine except coal is mining industry. The iron ore extraction, iron ore concentrate production and metal export is the largest source of foreign exchange earnings to the state budget. More than 65% of the iron ore balance reserves are concentrated in Kryvyi Rih iron ore basin, where the main part of it is mined both in open and underground ways (Peregudov, Gritsina, & Dragun, 2010; Chetverik, Babiy, & Bubnova, 2013; Streltsov, Evtekhov, & Evtekhova, 2017; Anisimov, Symonenko, Cherniaiev, & Shustov, 2018) . The main waste of iron ores extraction are dumps of uncovering open-pit and mining. The annual accumulation of empty iron ore rocks exceeds the volume of the coal industry, since the density of empty rocks is 1.4 -1.5 times higher than the density of rocks in the coal-bearing strata. The deposited rocks contain a number of valuable components, primarily iron, which content varies at the level of 15 -25%. The iron content in the rocks, and accordingly in the waste dumps, depends on the geological structure of the ore deposits and the morphological composition of enclosing rocks, which are extracted during mining (Petlovanyi, Lozynskyi, Zubko, Saik, & Sai, 2019) .
As a result of the plant's activity, 3 iron ore mining waste heaps are formed, close to each other. The waste heap gradation of the mining industry in terms of rocks accumulation volume and occupied area is shown in Figure 6 .
Within Kryvyi Rih, where the largest mining capacities operate in Ukraine, the largest empty rocks concentration is observed (Fig. 7a) As a result of the enterprises activities, up to 100 million tons of empty rocks are stored annually, which makes the ecological situation in the region difficult, and the present level of rocks utilization is not capable of reducing these volumes. The enterprises PJSC "Kryvbasszalizrudkom" (mines "Hvardiiska", "Rodina", "Oktiabrska", "Ternivska"); PJSC "ArcelorMittal Kryvyi Rih" (mine "Imeni Artoma"); PJSC "Evraz Sukha Balka" (mines "Yuvileina", "Imeni M.V. Frunze") and Metinvest Holding LLC (mine "Ordzhonikidze") extract iron ores in an underground way with a content of 40 -61%. The total annual mining production is 10.4 million tons. 30 kilometers south of Kryvyi Rih is the PJSC "Inhuletsk Mining and Processing Plant", part of the Metinvest Holding LLC (Fig. 7b) .
The analysis of Figure 6 shows that the main contribution to the rocks accumulation in the Kryvyi Rih region is undoubtedly the open development (99%), the dumps volumes fluctuate 0.14 -2.60 billion tons, and the areas occupied by them are 140 -1000 ha. The total number of accumulated empty ore mining sectors is 10.8 billion tons with an area of 4860 hectares. The lar-gest uncovering rocks dump in the Kryvyi Rih region is shown in Figure 8 . 
Tailing and sludge dumps
After mineral extracting, the qualitative indicators of which do not satisfy the consumers' conditions, the next stage is the process of their enrichment to separate unproductive inclusions and increase the content of valuable components. In the Dnipropetrovsk region, iron, uranium, titanium-zirconium, manganese ores and coal are subjected to enrichment. In the process of enrichment, tailing dumps are inevitable, where wastes of mineral processing are stored.
The largest volumes of tailings were accumulated as a result of ferruginous quartzites enrichment in Kryvbas, with their annual 80 -100 million tons generation. To assess the distribution of iron directly in the tailing dumps of mining and processing plants (MPPs) and the calculation of reserves in the mid-1980s, geological exploration was carried out. At the tailing dump of Metinvest "Central Mining and Processing Plant", 56 wells were drilled along and across the central dredge piping dam to the entire depth of the tailing dump (30 m), and 20 wells along the other dams, that is unambiguously insufficient.
If we take into account that the average iron value in the tailing dumps is 12%, only in Kryvbas 600 million tons of iron is accumulated with an annual replenishment of 60 million tons (Kopach & Chilii, 2012) . Preliminary data on some tailings dumps of Kryvbas (PJSC "Inhuletsk Mining and Processing Plant", PJSC "Pivnichnyi Mining and Processing Plant") prove their gold content. Areas with a content of 0.3 -1.8 g/t Au in single tails were found in individual tails, and in gravity concentrates of 7 -15 g/t. Experimental works on extracting gold from stale tails will undoubtedly significantly draw on man-made legacy placers Ukrainian mining enterprises and potential investors (Bragin, 2000) . The hydromechanical method of extracting the valuable components from the placer deposits is the promising one (Malanchuk, Moshynskyi, Korniienko, & Malanchuk, 2018) .
A number of other tailing dumps are also quite promising in terms of the valuable components content. So, for example, in the "Rozbery" gill mine "Nova" LLC "Vostok-Ruda" (near Zhovti Vody), while optimizing the enrichment scheme with a tail content of 20.2%, it is possible to obtain an iron concentrate with a content of at least 65% with tai-lings storage volumes of 2.5 million tons (Hubina, Hubin, & Yarosh, 2015) , and the enrichment wash waters of the Public Company "Marhanets Mining and Processing Plant" and Public Company "Ordzhonikidze Mining and Processing Plant" contain from 10 to 18% of manganese in Nikopol manganese ores deposit (Nikolaienko, Yevtiekhov, Babets, Filenko, & Petrukhin, 2012) . In the tailings of the Branch Plant "Vilnohirsk Mining and Metallurgical Plant" (Public Company "United Mining and Chemical Company"), which is developing the Malyshevske alluvial titanium-zirconium deposit, 300 million tons of enrichment was accumulated by some estimates. There are practically no zircon, rutile, leucoxene and ilmenite in the tailings, but the content of disthene, sillimanite, staurolite, tourmaline is significant, since these minerals are extracted to a lesser extent du-ring enrichment (Belogay & Zelikov, 2000) . This technogenic deposit is operated on the basis of a special permit by the LLC "Nonferrous Metals".
In Ukraine, a paradoxical situation has developed: from mining to rolling, the mass fraction of iron in the waste increases, and at the last stage of the whole cycle (in the production of rolled products), a rolling scale with a mass fraction of iron (67 -72%) is formed. Technogenic iron-containing raw materials, in which the mass fraction of iron exceeds its concentration in rich iron ore (56 -60%) and ferrous concentrate, which is obtained in concentrating factories (65 -68%) (Paranko, Yevtiekhov, & Sydorenko, 2007) . After extraction, the valuable mine refuse components can be used as a component in the consolidating stowing or interbedding technology in order to fill the voids after ore mining (Khomenko, Kononenko, & Petlovanyi, 2015; Sun, Wang, & Hou, 2018) , for example, in the mines of the Kryvyi Rih iron ore basin.
It follows from the foregoing that tailing dumps and sludge dumps of mining and metallurgical enterprises have a powerful resource potential and should be regarded as ferrous and non-ferrous metals reserves. The main enterprises that store tailings in the region are the Prydniprovsk Hydrometallurgical Plant, Branch Plant "Vilnohirsk Mining and Metallurgical Plant" (Public Company "United Mining and Chemical Company"), LLC "Vostok-Ruda", PJSC "Dniprovsk Coke Plant", PJSC "ArcelorMittal Kryvyi Rih", PJSC "Pivdennyi Mining and Processing Plant", PJSC "Pivnichnyi Mining and Processing Plant", PJSC "Inhuletsk Mining and Processing Plant", Metinvest "Central Mining and Processing Plant", Public Company "Ordzhonikidze Mining and Processing Plant", Public Company "Marhanets Mining and Processing Plant", Processing Plant "Pavlohradska", Public Company "Prosiansk Mining and Processing Plant", LLC "Demurinsk Mining and Processing Plant", and their gradation by tailings accumulation volume and occupied area is shown in Figure 9 .
The analysis of figure shows that the main contribution to the tailings accumulation is made by the iron ore extraction cycle in the Kryvyi Rih region, the volumes of stored tailings in the tailing dumps fluctuate from 0.2 to 1.0 billion tons, and the areas occupied by them are 170 -1700 hectares. The total accumulation of tailings according to the analysis is 4.5 billion tons with an area of 9650 hectares. The largest tailing dump in the Dnipropetrovsk region is shown in Figure 10 . 
Ash and slag waste dump
In the process of power generation by thermal power plants irreversible waste is ash and slag dust and tin dust, which with the help of pneumatic grinders and hydrosolar systems are stored in ash and slag dumps, to which significant areas of land are allocated. At present, almost all ash and slag waste dumps of thermal power plants (TPPs) are filled by 90 -100%, and expansion possibilities are not expected. In addition to the macroelements listed, which make up the bulk of the waste, ash and slag wastes contain microelements of such elements as zinc, thallium, lead, chromium, manganese, cobalt, nickel, mercury, arsenic, antimony, vanadium, strontium, germanium, boron, etc. (Prybylova, 2013; Kasimov, Udalov, & Stalinskaya, 2016) .
The bulk of ash and slag wastes (96 -98%) is the sum of oxides: silicon oxide -45 -60%; calcium oxide -2.5 -9.6%; magnesium oxide -0.5 -4.8%; iron oxide -4.1 -10.6%; aluminum oxide -10.1 -21.8% and sulfur trioxide -0.03 -2.7%. Vanadium, which content is 0.04%, and scandium -0.002% are most valuable in ash and slag. Yttrium, nickel, germanium, chromium and titanium are considered as co-products. The flue ash in Zaporizhzhya and Uglegors'k contains vanadium at 27% (Zhukovskiy, 2010; Oliinyk & Prokopchuk, 2016) .
Ash and slag wastes in Ukraine are generally considered to be waste, although in developed countries they are a valuable mineral raw material from which valuable components are extracted or used in the construction industry (Çiçek & Çinçin, 2015) . Howeverthe share of used wastes is very small -only 13 -14% of the total yield, of which about 70% are used in construction and 30% in agriculture (Solovey, Vorob'yeva, & Volovina, 2006) . Annually, as a result of burning coal at the TPP, 14 million tons of ash and slag are accumulated, and this has a tendency to increase due to the deterioration of fuel quality (Galich, 2007) .
The accumulation of ash and slag wastes depends on the location of 14 operating thermal power plants, 3 of which currently operate in the occupied territories, as well as a number of thermal power stations with ash and slag waste dumps. In the Dnipropetrovsk region there are 2 powerful thermal power plants: TPP in Kryvyi Rih (rank "fat"), Prydniprovsk TPP (rank "anthracite and "fat"), respectively, there are also ash and slag dumps. Their gradation by accumulation volume and occupied area is shown in Figure 11 . The analysis of Figure 11 shows that according to the accumulation volume the Prydniprovsk TPP ash dump is the leader (71.4 million tons), and the TPP ash dump in Kryvyi Rih is in occupied area (429 hectares). The total tailings accumulation according to the analysis is 150.7 million tons with an area of 916.1 hectares. The largest ash and slag waste dumps in the Dnipropetrovsk region are shown in Figure 12 . 
Smelter slag dumps
As a result of smelting ferrous and non-ferrous metals, as well as cast iron, the waste in the form of smelter slags is formed. Thus, the annual yield of smelter slags reaches: blast-furnace -44%, steel-smelting -17%, ferroalloy -15% of the production volumes of metals and alloys (Khobotova & Kalmykova, 2012) . Steelmaking slags with an iron content of more than 20% which amounts more than 100 million tons are accumulated in Ukraine, and about 300 million tons of blast-furnace slags with an iron content of 5 -7%. The task of slag utilization in connection with the environmental and economic problems growth is very relevant (Aleshin, Kazachkov, & Ostroushko, 2007) .
The granulated blast-furnace slags are mainly used in the cement industry for the manufacture of binders, since the chemical composition of the slag is close to Portland cement. Taking into account that slags are in a glassy state, they have an increased hydraulic activity, so they are granulated under rapid cooling by water, steam or air. The granulated blast-furnace slags are used: as a material for the manufacture of mixed hydraulic binders, as a component for the production of Portland cement, and also as an active mineral additive to Portland cement when it is milled; in the form of fillers in the manufacture of concrete, etc. (Rusina, 2007; Liu et al., 2017) . In the mining industry, the milled slags often serve as the main binding substance for consolidating mixtures in order to fill underground voids (Kuz'menko, Petlyovanyy, & Stupnik, 2013. For example, the granulated blast-furnace slags of PJSC "ArcelorMittal Kryvyi Rih" have a quality factor of 1.8, contain not less than 43% CaO, 8.5% Al 2 O 3 and 38.5%, and can be used as a substitute for Portland cement or serve as a separate binder. The level of the blast-furnace slags utilization reaches 60%.
Metallurgical enterprises of Ukraine have accumulated experience in processing steelmaking slags with subsequent extraction of iron. Thus, at processing facilities AMCOM in the conditions of Metinvest "Azovstal Iron & Steel Works" smelter slags are processed. In 2016, 0.29 million tons of slag were processed from 1.61 million tons of slag, and 1.32 million tons were placed at the waste handling sites of the enterprise (Rehionalna dopovid…, 2016b). The level of these slags utilization is in the range of 25 -30%. As a result of non-ferrous metals smelting, the slags of non-ferrous metallurgy are formed, but their utilization rate is 10 -15%. This is caused by the content of numerous rare and non-ferrous metals and impurities in them. The priority task is to extract the maximum amount of valuable components, with the subsequent use of slags as raw material in the construction industry (Khobotova & Kalmykova, 2014) .
The Dnipropetrovsk region is represented in metallurgy by such enterprises as PJSC "Evraz Dniprovsk Metallurgical Plant", OJSC "Dniprovsk Metallurgical Plant", PJSC "Interpipe Nyzhnodniprovskyi Tube Rolling Plant", Public Company "Nikopol Ferroalloy Plant", PJSC "ArcelorMittal Kryvyi Rih" that also contributes in slag waste accumulation. The slag dumps gradation in the region by accumulation volume and occupied area is shown in Figure 13 . The analysis of Figure 13 shows that the main contribution to the smelter slag dumps accumulation of the region is made by smelting of iron and steel. According to the volume of accumulation, the leader is PJSC "ArcelorMittal Kryvyi Rih", where 109.9 million tons of slags have been accumulated, and the enterprise occupies the leading position (420.6 hectares) in the area of dumps. The total slag accumulation in the region according to the analysis is 133.4 million tons with an area of 558 hectares. The largest smelter slag dump in the Dnipropetrovsk region is shown in Figure 14 . 
PROSPECTS OF MAN-MADE MINERAL FORMATIONS OBJECTS COMMERCIAL DEVELOPMENT
The feasibility of man-made mineral formations developing of ore mining and smelting, fuel and energy complexes is caused by the following peculiarities:
-valuable components extraction for additional realization or quality improvement of mining and processing enterprises production; -valuable rare earth metals extraction; -reducing the level of natural environment pollution; -using rocks for construction purposes (roadfilling, mineral fillers); -reducing environmental fees for production waste; -creating new working positions operating in processing complexes infrastructure; -returning lands in agriculture; -the formation of new jobs, which would serve the infrastructure of processing plants.
However, the task of developing a technogenic waste should not be limited only by the extraction of valuable components. The industrial strategy should provide for the maximum possible reduction of waste volumes in different economic sectors, and the remaining volumes should be neutralized as much as possible in order to prevent a negative impact on the environment (Popovich, 2016; Lima, Mitchell, O'Connell, Verhoeven, & Van Cappellen, 2016) .
To stimulate the scientific and practical interest in the technogenic deposits development, they were zoned to different types of man-made mineral formations according to the density of their location (Fig. 15) , and also scientific literature on valuable components content analysis was undertaken (Table 1) .
It is proposed to distinguish 4 separate areas: Prydniprovsk (4 dumps of uncovering open-pit field in mining industry, 11 tailings and sludge dumps of iron, titanium-zirconium ore enrichment, 3 ash and slag dumps, 3 smelter slag dumps); Kryvyi Rih (16 dumps of mine and uncovering open-pit field in mining industry, 8 tailing dumps of iron ore enrichment, 1 ash and slag sludge, 5 smelter slag dumps); Nikopol (9 tailings and sludge dumps of manganese ore enrichment, 1 ferroalloy slags dump); Pavlohrad (11 waste heaps, 3 tailing dumps of coal, non-ferrous metals and kaolin enrichment).
The priority of the man-made formations development depends primarily on the commercial interest in the valuable elements contained in them and the relevance of their global market. According to the information sources analysis of world markets, including the London Metal Exchange, on valuable components found in man-made formations, made it possible to estimate their possible cost in 1 ton of waste, which is presented in Table 2 (data for the end of 2016) (Infogeo, 2019) .
It is also proposed to zone the man-made mineral formations in the Dnipropetrovsk region according to the approximate cost estimate, which in a way characterizes the prospects of their development. The criterion of zoning can be the cost of known valuable components in pure form, contained in 1 ton of man-made formations. 1 ton of waste in cash equivalent is provided an estimate according to the established valuable components content, information sources data (Table 1 ) and its value (Table 2) . The analysis of the obtained results in providing an estimate of valuable components in waste allowed to separate the man-made mineral formations and deposits into 3 groups:
-group I -estimated cost of components in waste is more than 200 $/t; -group II -estimated cost of components in waste is within the limits of 100 -200 $/t; -group III -estimated cost of components in waste is within the limits of 0 -100 $/t. However, it is also necessary to consider the operating procedure cost of the valuable components extracting, due to the fact that, despite the maintenance of valuable components, the cost of their processing and extraction may be unprofitable.
The general scheme of man-made mineral formations and deposits gradation in the Dnipropetrovsk region on the estimated cost of valuable components per 1 ton of waste is given in Figure 16 . According to Figure 16 it is appropriate to develop Public Company "Marhanets Mining and Processing Plant" and Public Company "Ordzhonikidze Mining and Processing Plant" tailing dumps, Prydniprovsk TPP and Kryvyi Rih TPP ash dumps, waste heaps in the Western Donbass, Branch Plant "Vilnohirsk Mining and Metallurgical Plant" (Public Company "United Mining and Chemical Company") tailing dumps, Public Company "Nikopol Ferroalloy Plant" slag dumps at first-priority.
At present, there is a complexity of rare earth metals extraction from waste heaps in pure form, which is connected with the complex chain of technological processes and considerable cost of their processing. However, with the gradual development and improvement of treatment process, waste heaps are among the most promising for development. In addition to extracting valuable components, according to scientific data, manmade formations can serve as a valuable source of raw materials for various types of construction industry, significantly reducing the cost of building materials production in comparison with the extracted natural components. The main directions of man-made formations use and recycling are as follows (Table 3) . Extraction of valuable components (including microspheres), active mine-ral admixture and small aggregate in light and heavy concrete and artificial cement, analog for clay parts in the production of cement clinker, production of ceramic bricks, component for the preparation of hardening backfill Smelter slag dumps production of valuable mineral powders for asphalt-concrete, production of ground slag for dry mortars, production of slag and slag-lime cement, production of slag stone, slag-lime concrete and tiles, production of small and large aggregate
CONCLUSIONS
In Ukraine, colossal volumes of man-made raw materials have been accumulated, which represents a powerful mineral-raw material potential for important sectors of the Ukrainian economy development. The technogenic deposits development at an appropriate level of scientific and technological progress and investments will allow competing with traditional methods of minerals development, the initial capital costs of which are significantly higher.
The complex analysis of the main identified man-made mineral formations accumulation showed that as a result of ore mining and smelting, fuel and energy enterprises activity in Dnipropetrovsk region it is accounted for 15.6 billion tons, which are distributed as follows: 69% -rocks of the mining industry; 0.64% -rocks of the coal industry; 28.9% -tailings and slags; 0.94% -ashes; 0.85% -smelter slags. The area occupied with man-made mineral formations is 11790 hectares, and the distribution according to their type is as follows: 3.9% -rocks of the mining industry; 1.75% -rocks of the coal industry; 81.85% -tailings and slags; 7.77% -ashes; 4.73% -smelter slags. Distribution by the man-made formations type (bulk, filling) are: 70.7 and 29.3% -by accumulation volume; 10.4 and 89.6%, respectively, by the area of occupation. It follows that from the standpoint of mineral-raw material potential mastering, the bulk formations are of interest due to their large reserves at the minimum area, and from the point of view of the environment protection and Ukrainian people interests -filling man-made formations occupying large areas of agricultural land and having lower raw mineral reserves.
The gradation of man-made mineral formations and deposits in the Dnipropetrovsk region according to the estimated cost of valuable components found in 1 ton of waste is proposed. According to the preliminary estimate, the most attractive on value of components contain for industrial development are waste heaps of coal mines, tailings of titanium-zirconium and manganese ores enrichment, ash and slag wastes. The main areas of man-made wastes development should position the extraction of valuable components and raw materials for the construction industry.
A number of aspects and areas that will stimulate the industrial development of technogenic deposits in Ukraine should also be noted:
-analysis and development of the domestic and foreign markets; -improvement of the legislative and normative base in the part of mining industry waste transferring to the status of technogenic deposit and the mechanism of legal relations between the state and the joint owners; -attraction of foreign experts in technogenic deposits projects development; -development of methodical apparatus for determining the priority objects of man-made formations for industrial development;
-formation of a database on modern technologies for the technogenic deposits processing, taking into account economic and environmental efficiency of the use; -creation of a unified information base of technogenic deposits with fixing the main geographic, topographical, technological, qualitative and quantitative characteristics that will allow to supplement and expand the ideas about the general fund of mineral raw materials resources.
